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AIZE - TR, JEEMETH O, k2 A —§
WU TOMKTFEDY v I (BRif) Ok x I3,
KEDERICETT 5. £ 2T, WHE#HE T
W, HET Bvicyy afEEEL, o
AR LA LT ED LI IT L AR Y 2T
ZOMEMBIEIEETHS.
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MHCBNT, oI EAKEETIRE T 5 KRIE
AN KRGS BEYISEAER Y,
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HELRTHEB/E Y — 7 4 VIZE—= T IV 5O
(1831—64F) Dk, W JHEAWLHE 1RHE B
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ATEDHEE ST, 18THEIHNSr v 7Y v
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5 ZMAGHLET, REEKE» SHIAEE TO
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(K1), #kdho “Sr/“Sr il = @ 2,500 )7 4F
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“Sr/*Sr (Kt #REL, #WAKTOZ bo
F U LRIAARDIRERNIC & & 758 5 T (HE1b)
R UZZAERRBE 2 2 b e v F o ARG E
J# &5 (Elderfield, 1986). & ZTi, Z0
ikl o THRE LREREZ b v F 7 LN
PLARAEAR &I 35,

KL<V 7 FiBET=ZF v BKESEE -
THRIL U 7 ZHiEK D 57K E8,000m £ TO%
IKEDHEAKINS Z ba v F o LR ELT
B A v ki lie <ol L, RIALIAR L& JIE L
1T =5 %RY. 1OTFT—I M5 I DifFgD
Z bwavF Y LEMAKOSE I 5 HiE T
ZIFR UM TH - 72, TFEEI20.709174, FE4E
RZ2133.9x107° LEHR T E 5 (NBSISTEL#ED
fif £ 0.710245%4, n = 12). #WEICBIT B Z b
o F Y LD IERIZ490 TR Tk DR E
e (F92,0004F) &le~T&bHTEWL. L
Ten-T, BIEDOWHFIZE TS X b vy FoL
DEEB K OFNL&E (YSr/*Sr) 32T
FE—ETH 5. BEIBTEZZ br Uy FTL
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T, ENB60DIALRr—I)VTR bV
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Age (Ma)
Bl 1 Variations in the ¥Sr/*Sr ratio of

seawater for 0-25 myr. The reference
curve was used for estimation of Sr iso-
tope ages (Ohde and Elderfield, 1992).
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#& 1 Strontium isotope ratio in seawater
collected at Station 4 (KH-88-1),
Mariana Trench

Water depth (m) “Sr/%Sr
0 0.709178

600 0.709171

1500 0.709179

3000 0.709169

5000 0.709173

8000 0.709175

F U LERARIZE R T 2 D, i, Hin

WistoMmiBERZBLZ Tz LB 2Rl Tx %
OMENIEMIZEZ D101, Yo (f
YRR VT) ORIL LAY vy THRO X b
o vy LRAERERE L. (£2)., ESR
AEARNITE DGR TMLAE 8 ST 56074
FToRBTH Y, BY 2 TD TSr/“Sr il
%0.709180 & L THIE O HMALICHH LT3
DT, BIED 560J74EDMIC, “Sr/*Sr T
32X107° HIM U7z 2 EMFAZBAFA L TH
ZEaESNENT X > TH S 2IZ - 72 (Ohde
et al., 2002). wEHOHEMEM S Z LiIck-T
2007 AEREE D IR FA1 53 fifFRE ©, IR TR O 2 b
0 vy ARNARFERZIRET 5 2 EA]HE

COBEEEM S THRIER—Y v a7
DERERE L, MHELFOHEE N RETH 5.

-7z,

3. EXEELTF 7 FREOER L IBEEMEE
3.1 EXEER—U VT3 7DERAE

B IO T~ Tz “T—7 4 L OV
ZREH % 7o IR E EAL & 1318964 1c T Y
2T T FREEICB VT, 3404 — hLD
WESOR—) V7 %&fT-7c. A=V v 7 kHT
TRTHEMLOY v THIKETH - 72 (The
Royal Society, 1904). Z Q% 19485127 # V)
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%2 "YSr/*Sr and ESR ages for corals from Sumba Island, Indonesia

Sample Calcite Age® “Sr/%“Sr (£20) Average A Sy
p (%) (ka) Measured g (ppm)
0.709176 (= 9
+4)0 + -
WTP.I.1.2 <1 82 (+4) 0.709175 (= 9) 0.709176 (£6.4) 5.6
0.709172 (+10)
+ + -
MDL.I.2.3 <1 124 (£19) 0.709174 (=10) 0.709173 (£7.1) 9.9
0.709180 (= 9
+ + -
MDL.IL.2.1 8 232 (£35) 0.709175 (= 9) 0.709178 (£6.4) 2.8
0.709170 (+10)
+ + —
WTP.I1.2.5 <1 275 (+41) 0.709165 (=11) 0.709167 (£7.4) 18.3
0.709168 (= 9)
+ + —
MDLL.III.1.1 <1 322 (+48) 0.709174 (=10) 0.709171 (£6.7) 12.7
0.709164 (+10)
+ + —
MDLL.III.1.2 6 327 (+49) 0.709158 (=10) 0.709161 (£7.1) 26.8
0.709161 (+10)
+ + —
MDL.IIL.3.3 3 344 (£52) 0.709166 (= 9) 0.709163 (£6.7) 24.0
0.709148 (+10)
+ + —
LND.IV.1.2 7 584 (+88) 0.709146 (=10) 0.709147 (£7.1) 46.5
0.709150 (+10)
LND.IV.1.3 14 603 (£90) 0.709140 (£10) 0.709148 (£5.8) —45.1

0.709154 (£10)

a Ages determined using ESR method. Uncertainty ranges have been estimated at 15%
b The WTP.I1.1.2 was dated by *'Th/*'U method at Laboratoire de Geologie du Quaternaire, Marseille

(Pirazzoli et al. 1991).

¢ AYSr(ppm) = {("Sr/*Sremme/*'ST/*STmotern cora) — 1} X 10°,

ST /S medern ot = 0.709180

fER—1 v 7 T1L406m HEIC, v TAIKE
BT HEOHEN) EXREOHERAMNFER SN
7. =94 VORMIZIEL®-7. LaL,
DR=Y »7a7xEFHLIRABELTNL &, B
DTGB, WL DhDRIRINITRIE L 72
JHE CRNEES) b b, HEKEEL BN BRIED KK
BB A BZ . L3N TH B, DK,
Zha v Fy LFMES T 2 by 7 BER —
) v 7RO ERNE b e (Ludwig et
al., 1988). ERffE-R— U > 7 a7 O4ERHE I
Z harFy LRMERETFERZ LD TlibN
12WFIETH - DS, A ba v F v LRGLIARMEZ
HEMEANERT BRI B O REH 5 E LT
dEEmE T ot TAVADOWEENTZ=_T7 =z by
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volcanlc ridges (@ submerged seamounts

—4—@ migration path of atoll

(a) DSDP Site 445

(c)

Okinawa

Ryukyu Trench
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Kita-daito-jima
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7am] [
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sea level

PH\L\PP‘NE SEA PLATE
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1 o,
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AGE (Ma)

(a) Map of Phillipine Sea

showing main tectonic features and the migration path of Kita-

daito-jima atoll, based on Seno and Maruyama’s model. The numbers refer to the age when the
atoll was at the locations shown. The location of DSDP Site 445, referred to in the text, is also
shown. DR = Daito Ridge; ODR = Oki Daito Ridge. (b) Bathymetric map showing locations of
Kita-daito-jima and Minami-daito-jima. The elevation of each atoll and the site of the drill core
are marked. (¢) Schematic cross section of the Philippine Sea plate showing locations of Daito-
jima atolls and age-depth-distance relationships discussed in the text (Ohde and Elderfield,
1992). The section runs normal to the Ryukyu Trench (approximately south east): (i) from
Okinawa to the trench axis and (ii) from the axis, restarting to the north east near the Daito

Ridge, away from the trench

, backtracking the migration path of the atolls (see Fig. 2a). The

horizontal age-distance axis is to scale but the vertical elevation-depth axis is not to scale.
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DHRIZ Oligocene (2300/74:) Th 5 & [FE
Shic, a7 ORAFICY v IHERE (HERD
HIRIE U2, TR bbARBEAmbREREN
7z (Hanzawa, 1938). L» L, ¥ > JfD%E
BINEESBREMS 2Hicid, £—Y 73
T D U 72 ARIIRE % IEREITAT 5 D d -
fo. 22T, bR EIERFITRES N TO
fodbRH s o 7R GR10m 51242508 @
AT EFEEZ P STHE, 707 ) v UK
FOHBMIEEML > TR ba v F 7 ARG
o ("Sr/%Sr) EIEMEICHE L, FEREREL
72 (Ohde and Elderfield, 1992).
REER=V v 7a7, 260K EE
(m) &Z 02 bovFyLaEMEKER
(Sr isotope age, Ma) @ PIf& %X 3 1Z/RT.
ZharF U LRAMKERER IO 1 -8 OE

Sr isotope age (Ma)
0 5 10 15 20 25
0 Q T T T T
B -« 52Ma
o
100 L 2 11-5 Ma
o e < |5]1Ma
|
™ d -«—— 16-15 Ma
E
-~ o
= 200 F ‘[ -«— 19-16 Ma
5 v
A L
dolomitization
300 B events
subsidence
400 L | o dolomite 349 mMa'"?
® calcite
B 3 Relationship between core depth and

Sr isotope age. The figure shows natural
occurrences of calcite and dolomite in
bulk core material as % of total sediment
determined by X-ray diffraction, the
subsidence curve (described in the text),
the locations of hiatuses and periods of
rapid accumulation.
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Al > TR U, HEE4.0-119.3m 0K
B (B E LT, HEE160—192m @ 3 BkED
X Ra<A4 bThD, BHEI1259-42884— b
WETMH, AP rThH-k (K3)., Lk
MoT, FREETXT o<, bbs0IEH
WHA IAEH LT, R bayF 7 ARG
HAERE, Fa<xAa bBXUAIVT A MAEE
LicFERREEBZOoNS. UL, JIERZEDN20
Ti4EdH 2D T, ZHE UIARRIIHERER & hx
T, ThiFE/haid, BREOHMIZITNWS
B 3 EZMIRT 572012, £7 0y M EEBRTH
BERDL2DODIEBHSMTHS. ()T
e B REMKRIE U2 IR A5 [ b 3.
(1900 — 1600 J5 &=, 1600 — 1500 J3 4%, 1500 —
1100734F, 1100 —50077 4% & TF500— 20077 4F).
Iho, ¥ IfEREomil (EHERD
&, WEHAEEBRT 5O TKIETENS
(2)8F271.2—428.8m £ TO#200m 1, 2430
M 5188054 % T D I240m/100 )5 4E D HE
MEET, ¥ IMET L — FOMEE &
BIZEAEANERE LI 27T, ETL—
NOWRREICBIT A EHRAE SN S,

220

3.2 RKEEDLEMNWIREEEDESE
FUaERED LT L TR ENIzDh &
WA F = 4 OBRMIEY TR V7
BICE > THBOEFVNICHFTE 2 X5
T&7e. ERRBOKR—Y v 75k, T
EOiE OKEEA — MVULT) o REREHER Y
THote, Liehi-7T, lBoERNET -5
THFA B OB RAEMD T 5, Tk
B VANV OHERHERZ RS IS LT T ey
MBI LK ST, MEET L — b Ok
EARDEEMTES, K3DT—5 %1ffi-
T, KEBOBEEEIIODNWTELEZ &ITT
3.
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T4V E VDT L — FOHER (t; Ma) &
WE»S 7V — FEREMETOKE (d;, m) O
BIZIE, d = 322243664t &9 BIE (Vi HD
WKL T 5. (Park et al,, 1990). £2°C, K
HIBMED 7 4 ) EVilF 7L — bOFk & KK
EoY v IO EHREEROBGRATEDT
CEMTEETH B.

B—D =k(a—T)" (D

ZZTDEBLUTIE, ThZhnX 3 D Depth
(m) ¥ X Srisotope age (Ma) THh 5. k
FIEPERE (m/Ma”?) THO, ald7FLV—1h
Fiy Ma), B IFERMENKEL/HES (m) T
5. 3 iz, subsidence 349m/Ma"* &R
U7z, 74 v b 5.

1900—D = 349(42—T)"",

R* =0.998 )

Lieti->T, Ep SIbREBOWRE, HEEo
JEHZIRD & 5 ITERT 5 Z EMNWRETH 5.
REEF4200 /T T L — MBI Z THLkE L
13U, 420074 M @ Mk %8 LT 1,900
A= MDY v IHEAEREY AIHERE U 7 SHEE T
x5 (K2c). 7, 7L — bOikKRIEE349
3, ®EETLV— FOFEE3N0E—HT B &
EbHIT, T4V E VO FEEIE6ICEVET
»H5.

DSDP KB g4 i & > T1H S N HERE
Mo HHEAT — 2 CHE - il e 7o
(Seno and Maruyama, 1984) Z#HA&HHE 3
ZEITE LT, REBOHT HEDIENCIRE
K 2ai7 oy b5, KHEEIX4800)74F 1
KIS E LThEEN, 4200H4EEA NS T L —
FPEREL, B &Itk H a0/ &R
D, 4800)TEDOKEAERTHAED = 2 —F =T f
1T D FRIE O RLE A & A S O 400km (IZF
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L cEiclifians, BUEOR « ILKHIE
BRERETHIZEDobLMND X DIT, Kk
DOHUEBEL, K2cicfinick 1z, 45
cm DEE THEKFHEANTEAAT & &I, i
HETV—bDbAITE->THRELLLD &
% LT 5 (Ohde and Elderfield, 1992).
4200 — 4800 H4EHT & 52 1E, 1 ¥ K7 YT K
PBEIClES 2 CTH B, TAKRIANO6REE
BhitE L THWicDTHh 5.

3.3 IkXEREOER L BEEEE

JERHFE OB (2) b SHEE T
72T, B IMEDHER L &gk HE D BIfRE % X
RT BT EMAEETH S (K4). BEO TD
7L — NEBIRIEED A TH BEEITE, K4
KT 20 fiHTH S, Larl, KEBIE
600 J7 AERERT IS PERE D> & B IC 7 L — b B A3
b -t GiEkifEE~NLA AR O 7L — b D
TebHITENT Z) OT, K421k 5720
12, 1 2ORENNLETH 5. Ludwig et al.
(1998) oz =7 = kv 7 Bt D 7 — & 4T,
BLUHaqetal (1987) oF—% (K515l
) M5, 1900—2400J74F 2 A ik #E 13 BlfE
F0HF100m Eh o EWET S, TDLD
ACEE & ST 4 3ER S Nz, K4 g,
K3DF—sa2RITToy bFEZ LTk
T, AERREBOY v THEOHEREL (R, FER
Ma) &ifg/k#E (e, m) o BIRZE &I
T EMTES, Ko o7 oy FEA
IR, RURONEHAE 2R LTV B,

K 4 OJEKEEBR =1 > 7 37 OAERREH»
SRS NICHFHABIMRR AL, ==Y« by
7 BHED T — % (Ludwig et al.,1988) & & &
7oy bU, PERRU 7oifgmiZZ Bl 41 5 i<
AY (Fofi#). HEgorksic, ¥v—7r 2
8 OB O ONE A HEE S 2 2 LItk -

MEALENITE 520245 2 5 “FRRI94E11LH



TH 57z Hag et al. (1987) Ol +50 4 —
MV 2T 58 TR 5 ITRd. 20 2 >DHh
PRSI KHEZS B D AESCHIE (2 5278 2 %, IgdtE, iff
BOERDO—F D K. FHTHIS00/THERTD A v
V=7 VRO I BLAE & 0 F150m KT
LTWcZ &2 L 3RT. BRIEOHETMSD
HKEEDEICIE, #HERIC X 2 i O T O RIK
liERLUTOBFIEER > T3, KFEEAH
DOEER—Y v 7 aTHERMEETTH S &l k-
T, B5%b-&U 7AREHIZLIZNENS
B s REMYEICRES N TWR T+ T F
BRiER—V v 7 a7 B OWIEETT - 72D TR

34 7FIFRER—U VT

— ke LU BT, 18964E 7 5 1898412 /i) TR
EEMHRET ) Z5#8E (VLR E S IFE
n5) 77 FBME (8°30° S, 179°12" E) 1T
BOWT, F—U 1 vOBEMHT 57201~
dfiR—1 > 7 %% - 72 (The Royal Society,
1904). = @ MKFDFEHTTIE340m £ T LU 24
Hlg 52 &MNTEFT a7 TTY v T
REBIEHER TH - 72, KILBOENTH DL
RERBONS, F—v 4 VOBRAPTE R
Motz UL, WHFERCRIE 190448 1T 38 E 5T
Wa» oHiEERARSh, T TS

f

IZHENT 5. KEBERE Lic, K=V 7 ar7EBETsER
[OLIG. [E.MIOCENE [M. MIOCENE [L. MIOCENE [PLIOCENE _[PLEIS]
3 200 100 okm
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B4 Age-depth section showing the history of Kita-daito-jima atoll as determined from Sr isotope
stratigraphy (Fig. 3). Different symbols are used for ages obtained from calcite and dolomite.
The line joining the tops of the atoll columns shows the sea level curve and is plotted as a solid
line for the periods for which the atoll stratigraphy is sensitive. The subsidence and uplift curves
are also shown (see text). Where two adjacent atoll columns are shown, they indicate a lowstand
followed by a highstand. The coding shown in the legend refers to the atoll units. The atoll col-
umns for Okino-daito-jima and Minami-daito-jima are also shown with 43m uplift between
Okino- and Kita-daito-jima and 17m between Minami- and Kita-daito-jima (Ohde and
Elderfield, 1992). The calcite symbols shown above the atoll column linking Minami- and Kita-
daito-jima are based on Sr isotope age data described in the text.

Transactions of The Research Institute of
Oceanochemistry Vol. 20, No. 2, Nov., 2007

63



FEYfEICRE S T0 5, G AOHE
a7 HEHIIE E A ENEIIRL O Y~ T
HFTH - Icfcwd, TO#, FRME IR T
Y A R oY ARAV/ISE
ASCRAEENHERE LT 7Y v UK
TFATHAE U T 72 19894F 5 H IS i (h e th %
(BRERRT) Moz hTE8E0 Lo Kk
YIfE O ifEpE R ¥4 Linda Trvine HL» 5 7
FI7FOaTHEBEBLSTRIMHH LA &
NHY, FAzLNFHEHTESL I EEZHAS
nte, &-%2<, avilozx rorF v LH
PEARAEAGIIE (T B 2 RF9E 7 B AR — L & i)
fE~RE L, 17 B3 E Tl LE D 2.
¥ 2% H D Henry Buckley L5 5 dig 236 b,
0O v R URBAMC B B A T IR A E A RUE D
PEEAITY) CEmTE .

»o,

35 7FI7FREDOR OV F I ARMKER
AlE

K=V r7a7, 3T X ba v F T LlH
fifktt ("Sr/¥Sr) OBKSEMMTET VT v
VRFERKRFEDOH RS HE (VG Sector
54, Finnigan Mat 262) % fif > T47 -7 (Ohde
et al., 2002, 2006). [F]f7 14 b (30.709058 7> &
0.709183D kL v YV DfiER LI, #Hohic
T &M 6bITRT. £, FEE (m) &
ZO X o rvF U LEMKIENR (Sr isotope
age, Ma) OBEEX 6 c 12”9, A bho v F
7 LRI L o 1 oK EK2 0
T MOER LIc > TR L,
196.0—340.0m @ 13ilEHT Fm <1 FTH O,
HEE61.0—182.3m A7)V ¥4 ~, HEI03—
488m BT T IFA b (AT A FEEFD)
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B 5 Sea level curves based on atoll stratigraphy and continental-margin sequence stratigraphy.
The atoll-based curve was constructed by combining the principal features revealed by Sr iso-
tope stratigraphy of Kita-daito-jima atoll (Ohde and Elderfield, 1992) and Enewetak atoll
(Lincoln and Schlanger, 1991). The two types of symbol shown on the atoll curve define from
which atoll record each feature of sea level change was obtained (they do not represent sample
points). The continental margin-based curve was drawn from Haq et al. (1987).
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Thot (K6b). 61m LIZEDREHIH &IE
FFXT RS FHr20EAIVYA PAKE
LTWeDT, ZOZ o rF v LRMERER
&, VT A MAZELUIAEREEZ OGNS,
Ui L, 28 U 7RIS HERARA & 10" 41
DF — FRFE O EHFE SN, WERZEN20ITE
FH 50T, BRAEOHIIZIZINS. LirL, F
o<1 MOBAIZE No< A MUEREEZZ
(ESo AN

JERFEERERIC Ko< A b2SZEE196—340m
DHEREW > 6 Bo» 0, 196 —244m D FHZ
1 Ma, 268—340m D i{FtiE 2 Ma DAEAHE %
Z bw v F Y LEMKIIRLIZ, Fa<A Me

& - THERERMERITHEESINLESZ 5.

UL, HERSPE Ko< 1 b OSSO E 72
fRIENT, IZAFY—-ELTHE->7 “Open
questions” ® 1 2T& % (Ohde and Kitano,

1981; Ohde, 1987). 7ich Ko< 1 Fikkt o
IR D T30 D BIEA TS K5 B L
THHRL. FAMTE->T Ro< A MEEIZSE
DOREEHFERED 1 D THBEZEZ TS,

Fa<A b EFENHILYA FRBOZX b v
F 7 LRNAAET I B U T IE RS 4820 3 4F
HEH 20T, FHUIENREHEREREEZ
T&L, 6cAMMWNT B7HIT, 27.4m—
182.3m ® %7 o v b ORYFEEEGTI & L
MEBR oINS, T7abb, FEE24m &
182.3m D4EIFE N Zh, 0.14Ma &1.49Ma
THHDT, B I O150774ER 13 HE R E
0.12lmm/yr (121lm/Ma) TH v THEM |
NEANEHERE LI EBRENE. LhL, 20
10077 45 R oK 0] & FEIOK T 309 s B [l 6 0 3l &
NicZ EDMEMLS LWL, LEch->T, 7F7F
BRife THIN & 172 1.49Ma > 50.14Ma @ [ ©

(a) ®) {c) ) (&)
carbonate sequence 87g,/ 865, Sr isotope age (Ma) age (Ma) )
0.7092 0 1 2 Q 1 2 hiatus
0 T T T T T 1
! £ depasits 'z'- 0.0081 +0.0002 - 0.10 £ 0.02 b
reet deposits _e_d' 0.10 +0.02-0.17 + 0.03 “0m
Oh adsm] = o 0B0I5-0342015 sm_| 50
& 0320150612019 hormiocenas
' o 065£0.15- 1212024 [ T
100 reef- - o 100
lagoonal B e N e o L e
E g - 2 120 m ’é‘
5 150} - G - —o— 150 5
A -6
& i 170 m, - &2 ,§‘
= I reef deposits o &~  [|esssesseessad
200 {. Talus slope 189m} L -0_;_ N _.:., -156m - f oo
deposits - .
(dolomite) - ——
235m - ——
250 -V = - - - 250
- ——
reef- - -
300}  lagoonal L G - a 300
- calcite o
(dolomite) 4 | @ dolomite ~1 Ma —.
. N
(Grimsdale 1952) ~2Ma (this study)
discrete
dolomitization
evenls?
6 Drill hole logs for Funafuti Atoll. (a) Lithological unit classification of the cores

(Grimsdale 1952). Unit boundaries are as follows: I-II at 45-46m, II-1II at 170m, III-1V at 189m,

IV-V at 235m; (b) ¥Sr/¥Sr ratios; (¢) Sr isotope ages and the linear fit line for calcite data
(solid line) including an extrapolation (dashed line); (d) Age data showing, periods of atoll
growth, inferred hiatuses, and dolomitization events, (e) Inferred hiatuses as follows: 26.4m,
~30m, ~65m, ~75-80m, ~120m and 183-196m.
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155m D HERG I3 Wikehy GRORT) 1CHERE L,
Bk, 6clinmUCEMB &R - 72 SR
&h3. £27T, ZOL00J74ER DKL « [
kA Z iz 0n, K6dicHiiizunns
EROETIVBEZ oNS, (DY v I L)
BREDRIE U7 IS5 [Mld 5. ThZE DR
fRIZ121—65J34F, 61—34J34F, 34—23J54E,
17T—10H4EB L TI0-08JT4ETH D, KHEE
2 h£hn120m, 75—80m, 65m, 30m,
26.4m TH B, Ih o, B IEREOKIE
(JEHERD) oW T, AR EBRT 20
TRIHTIER S, QHE182.3 oMK E TOD
¥ v THEHEREM X, FU1500TED S8 2 TAEE
TOMIZI121m/100J7 4 D HeR LT, o T
WECOREEH IV > T LAEFEIC & - THIkERgIC 1
HKE LIz %R

3.6 7F7FREOERLBEKE
PEIEICAER T 2 A flduRiciisk s iRk
RLfA T — & Ip SR PRI B) % e 4 %
ED[fE & 75 5 72 (Shackleton et al., 1990).
T a IZ Shackleton et al. (1990) DFE [FINL
KT —r227—21TFT/RT (0 —0.7TMa).
ERFALAR T — 0 LT, €DK T,
7+ 7 FRIED LR Ao € T IVIT L
Mo TR LI (K Te). L, BRI
HE A 30m/Ma EARGE L7z (Ohde et al., 2002).
37 BE115m, 65J74EM D 7+ 7 F R ¥
v Il B R ERREMAZ T — 9 Exn S
HTHOWZONRK T TH S, MITRT LHIT7
+ 7 F TREPKIN & 7 2 R FENIA R 7 —
1, 5, T, 9F/F1, 15F721TORHHIZ
Hrafiz EARELLEEZONSE. TRD
B, IKHNTIEAR T ISP - T, RERIEHERE
Wiy (e SABA— MVELE) BFL
b TES. LL, TOROBIKY
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D100 A — MIVREE OfFHE LI - T, B
Yo IERKIE TOEMAE EAKE (Fv v
FTw ) LicEEZAohS, Z0L57KBET
WEZEZBZEILL-T, K6do¥ v IHD
Wiy s LR =M TE 5.

Z ~a v F Y LRGLRE - 7 AR GRE O 43
fEREIL0.2Ma BEEE & b 0 K < iFm ., HFig,
BT EOFRIMEICIEH TS L3TERL
DT, WERBATER (BHERF) CHEE
0.3m » 527.4m £ ToD 9 &K (> IfH)
DG ERFE (MC) HAUHE ZRFIL 7. 1]
MAMS (BEREKRF) %> TR U7k R
A& 3ITAT. K3 IIHE26.4m &£27.4m O
1Z Holocene-Pleistocene O Ei R nd 5 Z & %

$
&
w
)
0
711
4..5.
® -
= 50— 7
[
A
J49or
11
Ji5or
100 17
T 71 1 t T 1 1
0 02 04 0.6
age (Ma)

7  Correlation between oxygen isotope
stages, atoll growth, and inferred hia-
tuses. (a) The “O curve from Ocean
Drilling Program site 677 (Shackleton et
al. 1990). Numbers indicate oxygen iso-
tope stages. (b) Inferred hiatuses found
in the Funafuti core. Numbers represent
isotope stages. (¢c) Age-depth plot of the
core. Dashed lines show model of uni-
form subsidence rate (30m/Ma). Arrows
and stippled areas indicate upward atoll
formation associated with reef growth.
Stippled areas > 0.3Ma are * 1s.
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% 3 AMS radiocarbon and **Ra (via *"Th) —**U ages of core top samples from Funafuti
Atoll. "C in the samples was determined by the late Professor Toshi Masuzawa at Nagoya
University.

Depth Calcite Age* (£10) Coral . Lab. No.
(m) (%) (cal ka BP) oral species (NUTA-)’
0.3 0 2.55 (%£0.18) Cemented coral 1795
1.2 0 2.52 (£0.19) Coral fragments 6183
3.0 0 3.46 (+0.14) Porites sp. 6184
4.6 0 4.41 (£0.14) Heliopora coerulea 1796
11.9 0 5.29 (£0.17) Favia favus 1797
15.2 0 6.28 (+0.12) Porites sp. 1798
94 4 0 7.58 (+0.17) Sinularia 6186

’ 8 (0.3 ) (soft coral) -
26.4 <1 8.13 (£0.17) Heliopora coerulea 6187
38.0 (£0.48) 6188

27.4 3 100 (£ 20)° Cemented coral —
140  (+=150)¢ _

170 (£ 30)¢ _

36.6 2 9210 (+910)° Cemented coral -~

a Radiocarbon dating calibrated by INTCAL98 (Stuiver et al. 1998).
b Nagoya University Tandetron Accelerator mass spectrometry.
¢ Determined by **Ra/**U method. Standard deviations (*10) in ages calculated from gamma-ray

counting.
d Sr isotope age (£20).

RY. £IT, REEYEEICREESA TS 3
TAERE, Blg Lk, BHICK > T, 26.4m i
S ARG ERRT 5 LN TE K.

26Am KRV TREHEIZEALEZIT T
Y IBETHY, S TFKOAT TV
wEEMIE VKRS T, —7, 26.4m LI
(LFEALIC & » TIEEA EDNAAIRE~NET
L T 7z, Holocene-Pleistocene ¥i % % 26.4m
LHET A L& - T, ie#okI (~21ka)
VgD 7 3 7 FEEQ BB I LA T
5. 35bb, KD S BRI~ O HEREREE D
RS ZAIT R S gl LA & - T, 81304
27 F 7 FERIEY VIO EAREMILE D,
25004E T & THERE L7, € O RO HER#E 13,

5 mm/yr (26400/ (8130—2550)) &&tE T
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x5, ZOHRGEE XTIV A B EEET
UTKPEEORE (=Y = by ) TBMIL
7o IBETDOREE A VY 7 LA RERE,
10g/m’/day (LR EEICZEMRT 5 &,
2.7Tmm/yr) WL THEOREWETH 5.
—Ji, Hili « NEFEMIZR 7 5 7 FBRIEICAD
BOMHEA D &25004EH] (B C5004E) LIKET
bHHIZEECOT—F (F3) 3RT
7+ 7 FERHETIE80004EFTLIKE, 26.4m @
VOMER EARE LR, 264miE, FEFEB L
U a—F=7TBllsh7 LAKE, 10—15
m (Chappell and Polach, 1991; Bard et al.,
1996) LM d 2 &, MEODREBMHETH 3.
Zhid, KNI A 100m YLK U 2RI,
BRE D IR HERE ) BBV R A O X a— s &



DRENIZE 5 ah, (LR, 378 bBEKIC
KBIRBAIV YT LOWHNBRI D, TDOHD
AR S BIKIANOFER ERIC X 5 T3 72T

HEDHHE T EAREZBROK T LITKH 3.

BUWEZ 5 &, KINOMFRK FICES, RERE
DI X - T, ¥ TN EHEET 2720
DANR—ZAMTELZ LIS, £IT, &K
MOk (0.12Ma) # 580004EfiE CTD 7+ 7
FERECOmL (AR HEEFIRTE5. &
KEDKIN O M IEBIE L O +6m & - 72, &
7z, BREED PLFEEE £ 30m/Ma EIRET % &,
REE ATV ¥ 7 W TG & T 5 BRHED I il
i, 0.25mm/yr ((26400+6000 — 3600)mm/
(125000 —8000) year), 9 7% 5 25cm/1000yr
LEMETEX S, Ol s v 7#ERTOR=Y
VIR OB ONIEEZBRUTH S, &
7o, B TOARALITHES KEHED 5 %IZH
KBDTHEYDRESBHTH S, KRV
LOERIIRGD S0 _BILREORINTH 3
DT, I ORFEMREFEITHEREE T O K KIEER %
Mg 2 LCTHERETH 5.

W3 2 JIAE O BN HER X100 A — bVELE R
AU, T OWRRIT IO THE O SURE B 2 AM
BB TE7, 51T, 20 &5 HkPI—H
KD H A 7 VIFI0HHET Lo Rani s
Lo, o IR TR & 9 10K S/
IR~ Dl 15D B o — 2 HERY 2 553
RIS TRMRT B & &b, KRk
DY A Z7IVITHES IIRT » EAICE T, ¥
v IHEIRTRIE O WA — A OB TR D A 7 L DSk
DREND Z &M, 7F 7 FREOPED S 5R
RN D, KRIRIEDIERR « BIFBFED Y 1 7 )L
RS & MEPER D R LR FRAGER O ] & B
T3, KETIE, WEROY L TWTIF- 729>
TAIRAL & TR R E I B 2 TFSE 2R A
9 5.
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4, Y ITWITILRFLALEBILRE
HERIBIR LD N E AL EN TS LR
KO TOMEE A /7 = X LFBED & &
AF-ED EbhoTNEDIFTEEL, FFiT,
(LR BRR D IRBE & BRMRERIC & 5 BRILIE D
RENDRHNITH U, KR5S IMHEIC & - T
INBROBONIA—HET, &R
NIZOMPIF->E D LIMOEN0%EEH D, &
b3, “Missing sink” EMEEHTH
5. £IT, “BALURFZEDOREIEET>TEY
v IO EPER Shic, v IARIED4L
FObE (3) XThobdEdsrs, 1EL
DRME/ IV T LOERKIZH LT 1 IO
(LRFEDRBRP A~ En 5. L L, ik
OEE, (L PHEIE» S (pCO 2 —E L L,
2ENOTIVA Y ERY M SRR IN S, 4R
BRI IN14EIV), 1 BIVOREEAIVY T L
HERRIZ & - TO.6E LD (L FE AN K~
i Eh, YEKIGEFESBL, 0 &0
06—V EMEENSE. Lich-7T, BflizH
v IAKAIZ K > TTRILIREMEZE SN S &
T ERL, bAA, ABNT A LA —
V(10— 10%) DHbEREEIZ B 1T 2LFEmALIZ
XBRFWEREZEZ D L, (4) RTRdT &9
12,y TARKALE TR R R E O il A R
7T LEREIETHLRNIETH 5.

Ca** +2HCO; = CaCO;+CO.,+H,O (3)
CaSIOa+COz 08005+8102 (4)

FAZH > THER ZRRALKFR D >~ 7 Iy — R
NORES ED Y v TR A, IF
JE& 19804 2 A SiffE& D TifEE 7 4 —
WRELTIT»T&7, £D 14, WA VT
OWIEE M N3 % (Ohde and van Woesik,
1999).
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41 WHUVEILET3 _MitikRTISv IR

IR I D S PE15km 12V AV HEIRALE
L, BfR1LS5km OE#ETH 5. V77 VHEICIE
BRI ODTY VIHE) — 7w Vit £ TN
B TiTE, BRBBEMEL->TRF LI A E
VI TRANIESD Z &I D, 19854 I B A I
B 72T IR DL s 5 72D THRAZZ B TR L
BNENWFRNEI BAERGTHBH, A
DFEENIFTEAERL, W JHEZY o THER
BICEREEHTTH - 72,

Yo IWEEIKELl - 2mD5 7 —0T
BE%TH DM, V—7HEH»5200—300m
=775y MSREL, ¥ IREE0—
0% THY, ELLWY L IERBAERET S
(Ohde and van Woesik, 1999). ERftgio ) —
Tm5200m DY —7 75y b EBRNY A b
L& U7 ¥ 1 b LiEK#E o kiR o th
AOIMEEAETBOHBERD Y 1 R 7 — IV EH
KERIEK T 5. 20O & 5 2 RR BN A7 -
o, A4 RT=IVTO BRILRET 5 v 7 A%
RS 572018, 200MBICH A b 1 HusS Tk
AR, ERE~RBLRED, ¥4, pH, 7
WAVE (FSo7Tay ME), 2K (7 —
oA MY =), BFRE, REHEZ EEZWEL
7o, TOREE, 44 M1 TE, B, TAHY
[ EARIBO R, WL T VA EoZE

M En g, ARMBOMMNEN s, KE
7 — #1213 Carbon dynamics ¥ ST
7273, Nutrient dynamics (¥ & 75 -
CRERBEOZALIBM S iz, - 7).
T — Z RN DA R, BRIV v Tofakb sk
HBEONA A E L, RS  THEAY O
MRS L, & TAKILBIEEA ST »
TN EEKET—FIImR L, K41
19934F720 5 19954E 12 H 1 THT - 72 5 Rl 7 —
YEFEEDD, BEOY L THEARIGEE, v
MEEPEERE I Z N EN5.3-13, 8418
mmol/m’/h Th -7 (F4). i/, 2/E0D
R EBLIAS R, KB D M B E, 5.1&£6.9m
mol/m’/h Th » 7o, A& & WFREE O
AR EREhOMEIT L B CO, DIHAD
DRBAMIE L2, kIZ, BEOAKL (o)
EHEEMERE (v BLXOEBOEE () o
ZNZhOEEIF—E LIGE L, HIRFFEEZE
MoK (D) &32ERANPS1HHIZOD
CO, 77 v 7 28 KORAEWEREITHT 556
Ao (r) okt (P/R) %23MH 45
EMTE B,

IR

CO; budget (mmol/m’/day)
= (y—0.6c0)D—r(24—D) )
P/R = (y+r)D/24r ®)

£ 4 Hourly calcification (¢, mmol/m*/h), net organic production (y, mmol/m’
/h) during daytime and respiration (r, mmol/m’/h) during nighttime at
Site 1, Rukan-sho. Daily CO. budget and P/R are calculated using the sun-
light hours and wind speed corrections.

Time c y r e N P/R
10 Oct 95 7.7 8.4 —~ —~ —~
6-7 Sep 94 8.2 1 5.1 17 1.6
9 Jul 94 1 15 — — -
11 Jun 94 13 18 — -
17-18 Oct 93 5.3 11 6.9 3.7 1.2
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WA RS A N 1ITR T 51993 9 Ak L U
19944E10HD 1 Hb 72 b D CO, 7 5 v 7 Aid
zZhZnl17£3.7 (mmol/m’/d) ELEMETE,
72, P/RIIF1I6&1.2EEHEINS. Lichi>
T, oY v IHEE, b SRR EE K
IRUTWaBZ &ERT (F4d). Larl, 1K
fldicdxy SEBWAEENTT (mmol/m’
/h) THZ0T, LELO1HBZHOD CO, [H

Efl (17&£8.Tmmol/m*/d) &, bTTHD,

FUOMITE TS CO, 7597 RAFIEFEAE
NWFUZLTWA EHEETE 5. £/, P/R
WANSHBTHEZESH CO, 7Ty 7 AM
EF3ENFTUZALTWB I &5 5, o1
bbb, RERELT, AKILLEIT 068D
CO, i 75 AKX E D WP D &5 % D 3
W EEABREDO Xy PEBYAEEEZOY T
T T > T 5.

P aFNS FTERLSAGIKOMTH 5.
Liciio TIREMEE SN THRE LT BT &
BHODLTH B0, ¥ THIKIITE - Tl
fbRFEPH LTS, T ERFBRCH Y T
A O T B AEESEA RIEB) 21T >
THY, HrInH U bR R E T
WCEZ, TOBEMAAERYSY v I Lz Tt
SREIEMEE S TV B, R0 SO bR
FREEOTEIZ LD D ERMITTH B0,
IHEBORE R, 2RI IR LR R A
BER > T 5B EDE- 7. hIZHERE
BRALZPHIE S 2 & 5 22 B LR R O HE & 137
BOEESRTIR D DD, Yo TEMSEBE R0
B &, o IEEERic L, REsoNT v
ZIRFEER > TWB T EEIELTWS. 1,
LR BT D 0 TR L, Mo RS, #
FEICHLCb I o v JEEE T B
BLTWA LI THAD, TLHbHE, Yok
EZDIHETHRIET B2 BB, S F
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CHELDH > THATbDOREZ—EITR B,
FHI TIN5 v 20 i iR ARG H
ROEFELTHS, IheEflE [ I
AT L] EFATOET,

42 v IDAKILE _BIbxR

FER=E T pH, pCO, W, #Ho%E—EiTl
TEREEAINV YT N (T5TFA M) LTl
BRI KIFR A S DT 5 T4 AT
%%vﬁatm@ﬁ®77j+4bgﬁﬁéﬁ
FE (Q carybo—b&ns I ENHSMn
23, RO—EX B I N7z (Zhong and
Mucci, 1989).

R=k@Q@-1r" <)

RFT 7T+ MESGRE, kITHEEH Q
7 731 M 2E8FE, n ldRISKE
THsb. €I T, VAU A M1 THRONT
T—45% (1) AT 2L, R=0.22(Q—
D* 513 57 (Ohde and van Woesik, 1999).
LT, ¥ v IDaRILEEDFEREIC

yha—LENTO SRR H 5. #HKOT
Z I A MTT 2RI pH & pCOL T & -
T PRI IR E 20T, ik o fafl
£, pH & pCO, ® 3 5D 85 A — % —Dfiilx
Vo7 LThbEEZTEG (R, B, 1§
SIS —E ERE). £ 2T, ko pH 2ZA4L
S, TIIFA MTHT B RREELZ 7K
HhToY  IOMBEREEZTTH T LIFEEN
bBHEXZ, T, Y ImBEEBRET- 72
(Ohde and Hossain, 2004; Ohde et al., 2005).

4.3 BIKOBRMELICHES Y Y TORKIE
FTTITB R HIT, K& CO, IR

#0013 L D 280ppm A & BLAE380ppm (28 L

7z. X510, 2100412 % D EFE13540ppm 12
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FTHETFMENTHAS (IPCC, 2001). K&

O MALIRFENCDOEEFWHA D &, TOREI
KMKIRO RAE» 0 T3, REhko
pH oid (WP 2672569, ZDHRE,
RIR71 IV 2T L DR b - 12 PEEY O A IRAL
EEERY, HOEBRICEANTEEEZL S
Bhnd s EBEIn5s. RAHBILRERE
BERITPE S RilifKD T 7 I+ 4 Mxd 248
FEDORAD & v TAHKILDIGE IS 2098
%717 - 72 (Hossain and Ohde, 2006).

Bl Kk pH 13~8.2 (NB S 27—
VOB ThB., £, KK —HKDRE
RS FEfi A S, pH = 8.20 (25°C, 1 KUE,
TIvH ) = 2.30mmol/kg, CO, = 380ppm)

LEMETE 5. Hmb, COBEZE T 3,
TV EOEALI AT E 20T, 180040
CO. = 280ppm, 21004ED CO, = 540ppm &A1k
EL, #WEEARRKD pH 251E T 5. TR,
1800 @ pH 138.30, 21004 ® pH 138.07 & &t
HWTX=% (Morse and Mackenzie, 1990 ~F-fif
EHT— 5 2MHLUTEE L), AREE O
GH KRG SN CO, D1 /3 —1/2

FiEKISETAATED, ThETERAEDOA
G E2ske &, CO. MARG P~ S hic g
121, RREEFEAURT LT, EmiEko pH
DEAD, Wb EE A ) O 1 PR AL R B 1T
EHZ 50N D 5.

Zz T, traonalkiticxtd 2#EKko pH
DHBIIOVWTERNEB T -5 2/ 570,
pH ZZA LS ik T o IMEHERETT -
7. WEKD pH KT L, fafifE (Q) KT
T5E, ZRITPE- TH v TARKICEEIMET
95 2 EERMLY: GHEER) Ry S A
T&E5%. §TIT, ¥ IMERRN Gattuso et
al. (1998) I & > Tiibhiens, ¥ IHK
ALk 5 & SN (Q) DN I3RS BRI
D -7, TSR S FEBITHA Lc AT
WK ALFHLD ISR H 2 X HITMZ 5.
AWFIETIE, MRED S v THEEK % - T,
pH %Ml (HCD &7)L#AY (NaOH) ZiEMN

ZALE /KT v IO EFR %
Lic (F5). i, WfcidEEaY T
(a7 n<HraErsHESAY) Ok EK
L OY v THETERI U 72,

% b Chemical composition of seawaters used for coral culture and experimental run at 25
°C. Seawater Qs was changed by adding 12M HCI solution or 10M NaOH solution into
a 10kg of fresh seawater (Salinity = 34.6 psu).

Type of seawater

Feature

Experimental run

Culture -

Low Quragonite Normal High Quagonite
Chemical addition (ml) - HCI (0.2) - NaOH (0.2)
pH (NBS) 8.271+0.06 7.855%0.07 8.207%0.12 8.417%0.08
TA (umol kg ") 2212+ 87 2018+ 23 2258+ 13 2419+ 27
DIC (umol kg )* 1873+ 96 1891% 25 1948+ 71 1952+ 51
HCO; (umolkg D* 1632+=104 1768+ 31 1721+108 1621+ 85
CO; (pmol kg H* 232+ 23 98+ 14 215+ 41 325+ 38
pCO; (uatm)* 316+ 60 8871147 399+157 226+ 57
Quragonite ~3.71 ~1.56 ~3.43 ~5.18

—No addition of chemical.

* Calculated described in the text using measured pH, TA, salinity values at 25°C and 1 atm pressure.
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x6

over time-scale

Predicted changes in coral calcification due to elevated atmospheric CO,

Atmospheric

Seawater condition™

* .
Decrease in coral

0
Year CO;, (ppm) pH Quragonite G (%) calcification rate (%)
1800 ~280 8.30 4.6 100 0
2006 ~380 8.20 3.8 78 22
2100 ~540* 8.07 3.0 56 44

* ICPP (2001

**Calculated using pCO., constant TA, salinity, 25°C and 1 atm.

200

O  Porites

175 X  Fungia

Linear (Fit to Porites data)
150

Linear (Fit to Fungia data)

Qaragnnile

B 8 Relationship between the normalized
calcification rate of coral samples (G)
and seawater Qg for daytime experi-
ments. Open square and asterisk repre-
sent data for Porites lutea and Fungia
samples, respectively. As described in the
text, the data are fitted to the first order
model, solid line (R’ = 0.766) is for
Porites samples and dashed line (R* =
0.811) is for Fungia samples.

o a7k E pH A Z fcifikHPCTEE L,
T VA1 BRI R Al > T IRAL R B A IE L
TAER, WHENFIZEA SARILDPBIERTE LD -
7o, Lo L, BEEOETTTRY v IToAKIL
W (o) LEfIE (Q) oM, c=aQ+b
(R* = 0.749—0.985, a & b IFEH) O LW #
MR ahic, Hrdo kxS, fHERRE
EDFENT L » THEL B ZNZENOAIKA LR

72

E (0 OF—F &K 272017, IROKIK
L% w7z, 18004E D pCO, % 280ppm &
LQziETIE Q=460 5. QFfF
ML6DREDKY v THIKILEEE G & L 13
(c=aQ+b) TRAL, cflizids, Toftix
100% &9 5. §98bbQ=46DE%X, G=
100& LT, 9 XTOERT—5 28I L7
T XHBFETHEONIT =% T oy ML
72ONK S TH B, ¥ IOAKILE (G) &
HKOT S TFA Micxtd B EfE (Q O
12, K8 oEYmEA (R* = 0.844 £0.766)
AT £, G=k(Q—-D OBfERE LN
5 (k:#HEEHE). Lkd-T, ZThov v
TOAIRAAEREE 1 IR E A4 2 EMTE,
EaiE, —ELTG%) =100Q—1)/
(4.6—1) &7 5. 20064 (CO, = 380ppm, pH
=8.20), 21004 (CO, = 540ppm, pH =
8.07) @ QfiidzhZTN38BXUV30LFES
ha, Eicg QiEERAT S L, GERZ
nZzn78% (20064), 56% (21004F) &EHA
TE3 (6). 2oL MLFyIialb—v g
VIS U, Wy I AIRAERE S A L
A TBUEIZ22%EA LTB D, 21004F1C
1344% 3k 3 B A[EEENH B 2 ENRKEI NS
(F6). TR, KEHKSS STV U7k
IZIEHEY 2 T8 EDORIRIGICTRAN IS A SR
FHREYEDS ST LI RL T B ORFREHI &
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FlEn B, LR E pH 28I Uik
oY v IRBEHERIL, #WED S RE~DH
BRERBEZS W) & e, TS B alfetk 2R T
3,

5. BhVIC

W7 2 JTAER T#EIR 12100 X — bVl E S
L, WMBoRBARZ ABITRBR L TEi, &
51, 2D &5 IK—BKB O % A 7 1310
HEZS IR ESRIES L, & v T
MEBOREL Zidsd 5L & biT, TOFELL
S () —7) &, RROPERE LTY »
IHEICHEL A2 DHTEZESFD, RIS
ICEAR AT 2 &0 ) FEZH > T 5.
S50, YU IHEMEICE TERE S MEL
T PEREE DAL IR E I TR D, Bk
D ERERBEAS Y & Bi A WL B MG IF DMEHE 75 - C
W3,

PUIWINS ETHRAIKDOETH 5.
UlehS> TIREMKBIE S LTHIESN TN S
ZERIMOoNTHEMN, HrILKILITE ST
TRMLREEPEH LTV E. 2R BT v
IRMOIEFEI A RIEH E21T->T, ¥ I
DR U7 LR R A AN A, £ D
PERET 2 ip e Rl R NUE X B 2 = AN L b
T3, ¥ IHBNORKE, 2R3 kg
ALIRFRICL It 2 R > T B & E DR - 7z,
SV HBERIR AL 2 PR T 2 & 5 72 TR bR R
DEE & IO TIEH 508, o IHET
3, 2RI AZRIEY BRSO £
AU, BREEAE—EICRS, B[4 Tz a
VAT L] EMATOS RFELABAREDATE
ZLTWADTHS., [H I CO, DY —
2y ] EXKEMEZT S, LR
[EB6THRW] EEZLD. HB_0FZ [T
TARAF ALY | NH->Thb L,
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VIR IO &S TIRERTBALTF N T L R e R
BN ST ITEITIE B BN ORERE O LT T
W35 LW,

FrdREDOIIIT LTRSS EN
5 GEM» SIh Iy v TR — ) V7R B &
CAEQHIE I & - T, ¥ ¥ THEIE GRS 72
DEFFEICHIR CE B K D12 » TE &S,
FLAS198TAE M SR 7o L KH B & 7 F 7 F Bk
K=V v 7 a7 OFEMRMEDHE, EHy A L
R4 =)V (10— 10007 4F) DMz B DL %
ficoeEmTcaE L (M4, 5, TH).
I 5T, v dHEE, ABORESR &I
SIMWHRIE FI<EB DIk TE/l &EY
CIRXEENDE R bu s F Y AMKEBLT
B EMTELLIERLOREBESTHY
7.

—J7, ¥ IFHKHhD *0/%°0, Sr/Ca, Mg
/Ca, F/CO, (H™ -« K, 2007), f&ETHE
(Ramos et al., 2004), o FKFMA& CKH -
Zulegar, 1999) 7% EDWIEN &Y » INEH
U Tk oiR g, pH, (LZEHLEE & o
FERBE DB T A 1M AT 5 2 LASAlEET
HYET. 2AMFRITERG LT 5 RADIRBEL
Ik -T, dKEE & bR AL, 5
12, RERALIR R IR O HERIZHE > TR D
pH o1&+ (k) »yflahxd. o3
BERBPIRELIC LI, Yy TEASDK
ko THARREOARCEREEH L T2
ZO LI BbIFT, v ITOLF
BAEBLT, SH%EID S ZHMBRBEL#H %+ T
W, kg s BB ONSE T EEMEREL,
Y IMOMAE, WEEZI SITHRTFTHELZL
ElRSTET.

C O, WRMEHMLEENE (HIEE) %
ZHLUT, REERICES EEbIT, 4%
AT LN EZBZTOET. HEELTHL L

IMEE AT AN



BFRESCA: A 13 U B O AR 1T b TR L
bFET. RIS, LY, RS
WT20ERL Rz 7z b THRE L CIEW 22k
RMEEZ, WHEIRMERER GRERKY), SFE
%, WHERERITEIR (BB RY), Ty —
T4 —=IVRESR (T oy VR LK
AV DR
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